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Database management systems for microcomputers are the result of an

amalgamation of two of the most rapidly expanding technologies in.
¢

carputer science, microcarputers and database management” systems.

First introduced on the market at thes cnset of the eighties, -these

'softv;'are' prcducts have already reached impressive 1levels with regard to

A

both numter of systems and func;tionality.'

This Major Technical Report highlights the fundamental concepts related ‘
to the two technologies amalgamated and, more lmportantly, proceeds to
a detailed review, analysis and evaluation'of the characteristics and
objectives of this new type of software.

“

Three successive generations of so-called database management systems
for microcamputers have already appeared on.the market. Each group of
scftware programs is directed at a distinct market segment among varicus

microcamputer users. 'I‘he subset of functions peculiar to database

management systems that is incorpcrated within a particular type of -

system increases with each new generation; in a general sense,

1
moreover, the included subset meets the application needs of target

users.
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1. mmaxmﬁ

»
Database managaneﬁt systems for microcamputers are the result of an
amalgématioﬁ of two of the most rapidly expandiné technologies in

’ LY

[y
computer science, microcamputers and database management systems.

In their thirteen years of existence, microcamputer systems have evolved
. pr i :

at a dramatic pace in terms ' of number of systems, ca@ting power and

applications. Microcanphters reached the comercialization stage in the
early seventies with the introduction of 4-bit camputers used as process
controllers agd instrmrentation monitors, immediately followed by 8-bit
general-purpose microcanputers. The 16-bit microcanputer systems
appeared in' the marketplace toward the end of the last decade while
32-bit computers have became part of the microworld of the eighties.

N

In view of their low cost, microcamputers encampass an extremely wide

range of applications, including, in increasing order of camplexity:

. Industrial process controllers;
. Ins;cz;mr\entation monitors,
e.g. - patient monitor systems in health care;
. Hame computers,
e.g. - control of heatmg and cooling systems, ;
- video games, i
~ perscnal computing (such as: budgets, appointment regiétets,
woré processing, etc.);

. Bducational tools,

I




¢
e.g. - didactical apphcatlcns in schools~

Small busmess cmputers,
mlt.toanputer netmrks

#
N

On the other hand, database management systems have developed as a
revolutionary alternative to conventional data management systems. For
an organization, these software programs present numerous benefits; one

hd

may consider, for instance, the follcmingu:

. A global view (schema) of the data (real-world entities and

relationships) at the organization level,\as well as individual

views (sub~schemas) at the user level;

. Data'independence that facilitates the development and maintenance

of application software independent of environmental changes;
. Powerful larnguages to define, update and query the data;

" . Better control of the data (access cdntrol, integrity constraints,
concurrency control, data back-up and recovery). ‘

The primary goal pursued in the present paper is to study the software
‘ product that resulted from a merger of the two young and most dynamic-
technologles presented above, ' i.e., databaSe managenent systens for
MMErs. First introduced on the market at the onset of the
eighties, these software products have already reached mpresswe levels

with regard to both number of systéms. and functlonqhty. New products




-

“labelled as database management systems keep popping wp at a striking

»

pace in the microworld, nowadays more than evex:'}'r =

leen the broad nature of the subject being addressed in the present
-paper, the route chosen to attain the previously stated goal adopts an‘
overall management approach rather 'than a technical approach accessible
soiely to coamputer specialists. Thus, .'tlge aim will remain throughout
“the presént report, to efficiently cover 't'he vllidest possible range y
areas implied in the 'study of database management systems for
microcomputers, —rather than to provide a detailed quide of
specifications for these software programs.
Such an .approach to the examination of microcomputer database
mariagement systems will ehable us to recognize certain key points,’
especially:
. In less than five years of existence, three successive generations
‘of so-called database management systems for microcamputers have
alread’y appeared on the market, namely: file management systems,
sing’le-uér‘ database management systems and multiuser database

X

management systems.

" . Each group of software programs is directed at a distinct market
’segment among various microcomputer users: individuals (file

: ﬁanagenent systems), small businesses J(single-user database
' management systems), and medium and large organizations (multiuser

v 7 database m;maget;ent systems)..
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. The subset of fun&:gions ‘ peculiar to database management systems
that is incorporated within & particular type ¥ of microcomputer
database management system augménts with each new generation; in

. -y .

a general sense, moreover, the included subset meets the

application needs of target users. ' T

v
*

. The selling price of a database xrqnagénent system program for

LIS

microcomputers stands as gooa indicator of its K category and ’

capabilities: in the vicinity of $250.00 (file rrllanagement

systems), at approximately  $500.00 (single-user database

management systems), and over $1,000.00 (multiuser database
\ .

-

management systems) : R

. Ve

. A
,

If one excludes the current introduction as well as cénclusions and
recamendatioris, the present paper. is divi&ed into six chépter:c, . The
two first chapters define the fLmdamental concepts relatéd to ‘each of
the ™ two fields in -computer science involved here, "miacrocar.xputers
(Chapter 1II) - and database management systems (Chapter I1I). Thus,

these first chapters provide the groundwork for ‘the direct examination,

in subsequent chapters,, of :the subject dealt ‘with in this report.’

Chapter II will first review' each .subsystem &f a microcmxputex; system

which significantly impacts on the development and implementation of a
8 .

software program such as a daitabasé management system, namely:-

microprocessors (Section 2.1), mass storage devices (Section 2.2), ‘and

software tools (Section 2.3); secondly, this chapter will analyze the

" typical configurations .of a microcamputer system taken as a whole
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¥

&

\

-

(Sec(tion 2.4). Chapter III will follow the evolution process of data
mnééement systems fram the conventional approach to the file manaéenent
approach (Section 3.1), to the database management approach (Segtion
: 3.2}, and f:hen proceed to present a description of the three data models
for databases (Section 3.3), as well as a categorization of the main

3

functions and features of a database management system (Section 3.4).

Chapter IV will initiate the amalgamation of the technologies

introduced in the preceding didcussion by determining what are the

objectives of a database’ management system fdr microcomputers. Thus, °
this chapter will develop a categorization of the actual and pqtential"

users of microcomputers along with their management information needs:: -

. .
individuals (Section 4.1), s=mall businesses (Settion 4.2) and large

& .
organizations (Section 4.3). T . )

Chapter V through VII contain the actual study of "database management
systems within the microworld context. Chapter V. will 'sur'véy database
management system products currently camercialized-on the microcamputer

~market, inside the categorization previously put forth for such systems:

file management systems (Section 5.1), single-user database'manag'anentv

systems (Section 5.2), and multiuser database mahagement systems

(Section 5.3). Chapter VI will present an overall evaluation bf
microcamputer dJatabase management systems with regard to the current
state of the art in this  field, both in terms of functionality (Se;:tion
6.1) and efficiency (Section 6.2); furthermore, this chapter will cover
trends becoming apparent in these areas (Secti’on 6.3). Chapter VII will

establish analysis criteria pertinent to data models (Section 7.1), and

»
¢

™

‘3
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proceed toa“’ ccmparatﬁve analysis of the two principal data mdels
(relational and network) as applied to databases on mcrocmputers
{Section 7.2), a question subject to most lively discussions -in the

current literature. R S o :

+

. i .

The extensive bibliography which provided us with the fcundations of ‘the

present study of database management systems for microcomputers may be

found at the end of this paper. ' I -
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II. THE FUNDAMENTALS OF MICROOOMPUTER SYSTEMS

As set forth in the introduction, our primary objective "in the current
chapter consists of defininé the basic concepts related to the first of
two technologies embodied in a study of database management systems for

the microworld, microcamputer systems.

Within ;:his\context, _the essential question being addressed here, i.e.,
what is a microcamputer syster;, will obviously be limited to notions
having a significant impact on the implenenéation of a software program
xsuch as a database rnanageneﬁ‘t system, Nonetheless, in view of
precisely the fact that the present study deals ‘with a software program,
one must proceed to the examination of a micrpca%puter system as a whole
raﬂther than solely discuss a given System camponent such as, for
instance, microprocessors. Hence, let fus undertake to trace the

fundamental outlines of microcomputer systems that are relevant tc the

study of database management systems for microcamputers by resorting to

. the three-level  hierarchical classification for sul%systems of

microprocessor-based systems proposed in [INF 78], namely:
. Microprocessors,
. Microcamputers,

. Microcamputer syétems .

At the 1lowest level 1in such a categorization, microprocessors

prinéipally include central processing units (CPU) for arithmetic, logic v.

and control functions, as well as scratch pad memories. At the

»




intermediate }evel, microcamputers camprise, in addition to
microprocessors, read/write (RAM) and/or read-only (ROM) memories along
with i’npﬁt/output interfhces for peripheral control. lastly, at the
highest and most complex level, microcamputer systems include, besides
microcamputers as previously defined, monitors, operating systems, and
other utility programs referred to as system software (in contrast with
application software), as well as peripheral devices. In view of ‘the
classification indicated above, the current chapter is divided into four
sections, as follows: |

. Microproéessors (Section 2.1),

. Mass storage devices (Section 2.2),

. Software tools (Section 2.3),

. Typical confijurations of a microcomputer system taken as a whole :

(Section 2.4). b

Section 2.1 will deal with the three main generations of general-purpose

micréprocessors: B-Eit, 16-bit and 32-bit microprocessors. The chief

focus in that section resides in highlighting the following key points
with regard to microprocessors:

(1) Each generation of microprocessor; has introduced significant
improvements over its predecessor, both in terms of power and
functionality.

P

(2) Implemented improvements have reached a level such that the

computing power of the newer microprocessors has been demonstrated

to be camparable to that of minicamputers, indeed mainfr: 7 in

+




certain specific areas (such as, for examwple, maximm direct

address range).

The discussion presented in Section 2.2 with respect to the peripheral
devices of microcamputer systems, will concern itself solely with disk
drives, floppy and hard disks. Indeed, as will be covered in greater
detail in Chapter VI of the present report ‘dealing with the overall
eyaluation of database management systems for micnocarputers, the
characteristics peculiar to these mass storage devices can significantly

impact on the efficiency of a database management system.

Having provided a brief account of the situation of software tools in
the microcamputer environment, Section 2.3 will then proceed to examine
in greater depth the operating systems for microcomputers, given that
one must admittedly oconsider the particular effect of the latter
systems on top of which database management systems actually run. The
- presentation of the three main generations of operating systems for
microcamputers wil& follow the same . approach as that chosen for
microprocessors in order to focus on the principal divergences among
systems belonging to each generation, namely:

. Single—user single-task operating systems, —

. Multiuser multitasking operating systems,

. Networking operating systems.

To conclude the present chapter, Section 2.4 will provide an overview of
the typical configurations of microcamputer systems.available on the

market in terms of the three major system ocamponents studied in the
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2.1 Microprocéssors ;

Microprocessors have evolved at a dramatic pace; in just ten years of
existence, fx'*cm 1971 to 1981, no 1less than four' generations of
inicroprocessors have succeeded one another. The 4-bit rn'j.croprocessors,
pionecered by the Intel 4004 in 1971 were mmedlately followed in 1972
by the 8-bit chips, w1th t.he Intel B008 opening the way. The 16-bit
chips made their first appearance with the NationalASemiconductor PACE
in 1974 while a fourth generation, the 32-bit microprocessors pioneered
by the Intei iAPX-432, carnenced in 1981. Thus, based on the assumption
that a genération of microprocessors ends with the introduction of the
pioneer.chip bf the next genellatior;_, t:.he 4-bit, 8-bit and 1l6-bit chip
eras have lasted for a period of, respectively, one, two and seven
years. One must acknowledge, however, that such an assunption
definitely does not hold true. Indeed, one can find ' simultanecusly
available in the microworld of the eighties, representatiVes of each
generation of microprocessors; the smaller 4-bit as well as the low end
8-bit chips are used for a wide range of control applications, whereas

the 16-bit general-purpose MiCroprocessors stiil daminate the market.

In this line of thought, Figure 2-1 provides a listing of the main chlp
models rnarketéd by five leading American naqufaqturérs i»n the field og
microprocessors  (Intel, Motorola, National Semiconductor,: Texas
Insf.nments and Zilog), where such models are categorized in accordange
with the four generations mentioned above. Figure 2-1 was essentially

developed through the selection of a subset among microprooeésors and

i B /
13
v
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FIGURE 2-1 MICROPROCESSORS AND MICROPROCESSOR: MANUFACTURERS
4-bit microprocessors 8-bit microprocessors '
Intel © 4004 Intel " 8008
. 4040 : . 8080 -
: PO 8041 /8741
National - CQPPS: 5782 ) 8048/8748
\Semiconductor. ’ - 5799 8035
57140 8085
‘ 8088
Texa TMS-1000 ,
Instruments - 1100 Motorola | - 6800 .
\ ' 1200 6801 .
1300 6802/684
6805
6809
‘ ; National © ISPBA600
\ Semi.conductor (SC/MPa11)
\ Zilog 7-80
‘\ Z-B Tv{
A J \
\\
16-bit m:fcroprocessors 32-bit microprocessors
Intel © . 8086 . Intel iAPX-432
80286
\ inPX-286 Motorola MC68020
Motorola - . MC68000 National . . NS32032°
MC68010 Semi conductor
National : 'PACE .
Semiconductor NS16032 i
\
Texas 9980,/9981
Instruments 9900
900
msés\uo

2ilog .

z-eoo\\

es

A
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MiCroprocessor nanufactur,ers"listeud in [MOG 79] and the integration of
i
the more recent 16-bit and 32-bit microprocessors analyzed in [GUP 83].
Three of the five manufacturers (Intel, Motorola and National
Semiconductor) produce microprocessors belonging to each of the three

most recent generations, the latter being of particular interest in the

context of a udy of database management .systems for microcbmputers. o '

a
1

A

In view of the widespread camrercial distribution. of micr'oproces'sors

manufactured by. both Intel and Motorola, these two families of chips

were selected'to serve as frame of referenceQ for the analysis of

misroprocessors contained in this chapter. To that purpose, Figures
" . .

2-2 and 2-3 outline the principal characteristics peculiar to several

chips produced by Intel (Mand Motorola\ (Figure 2-3). These

‘ two figures were developed through the aggregation aﬁd amalgamation of

the data presented in various sources, mostly in [MOR' 82] with respect
to Infel models 8008 to 8086, in [GUP 83] for Intel 80286 and m—432,
as well as in [HAM 78, AND 82, MOT 79] in comnection with, réépectively,

Motorola models 6800, 6809 and 68000. Although the findings'put forth

‘in the current section mainly derive from an analysis of those two

-
specific families, one 1is permitted to conclude that other families of .

microprocessors follow suit.

! \
In a general sense, -the * temm microprocessor designates the arithmetic
and logic unit (CPU) of a canpu;cer . scaled down to fit on a silicon chip
(sametimes- a few chips) holding tens of thousands of transistors,
resistors. and similar circuit elements [GUP 83]. Ht;wever, this term is

occasionally used in- a ‘'broader sense to incorporate single~chip

.
’
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6800_TO 68000

FIGIRE 2-3 MOTOROLA MICROPROCESSORS :

~

15

constant offset

7’ relative, register and

-3

, 6800 6809 68000
Year of introduction 1974 1978 1980
Number of trinsistors per chip *5,000 15,000 69,000
Density (mil” per transistor) 9.1 2.7 1.0
Data bus width B-bit 8-bit 16-bit
Address bus width 4 16-bit 16-bit . 24-bit
Direct address range (bytes) 64K 64K 16M
Nurber of pins 40 40 - 64
Interrdpt priority levels 2 3 8
Number of intermpt vectors 4 8 . 256
Number of data régisters 2 1 8
‘Muymber of address registers 1 2 7
* Number of stack registers 1 2 2
Number of condition flags 6 8 10.
Control lines: )
Synchronous Yes Yes Yes
Asynchronous No No Yes
Modes of operation: )
User mode Yes Yes Yes
Supervisor mode No No Yes
Addressing modes:
‘Implied Yes Yes Yes
Immediate Yes ‘Yes -Yes
Immediate, quick No No Yes
Absolute, short Yes No Yes
Absclute, long . Yes . Yes Yes
' Direct page - No Yes No
Data register No No Yes
Address register No Yes Yes
Indexed, no offset No Yes Yes .
Indexed, constant offset Yes Yes Yes
» Indexed, register offset No Yes No
Indexed, register and No No Yes
constant offset
Indexed, post-increment No Yes Yes
Indexed, pre-decrement No Yes Yes
Absolute indirect No Yes No
Indexed indirect No Yes No
PC relative, constant offset Yes Yes Yes ~
No - Yes

7 v
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carputers which group together, on a -single .ci)ip, the three main
camporents of a computer, namely the CPU, memory, and input/output
interface. Thus, oné can see that Figure- 2-1‘ refers to the term °
fhicroprocessor inhth_is broader context; to illus'*crgate, the Intel 8048,
which represents an Bl—bit\ single-ch_ip microcamputer; is inserted in the
8-bit microprocessor \categox}; . |

_Durin‘g their thirteen y;ears of ex;istence, microprocessors have undergone

numerous  and, more importantly, significant modifications and’

" improvements. Thus, let us present an overview of .the evolution process

involved in microp_roc'essors’by locking at three areas Qhere dazzling
- . :
improvements were achieved, namely:

3

. lr{érea.sed chip density, - , ' ’ '
. Larger word width, -

[/“ More powefful instruction set.

while placing particular‘ enphasis on improvements ‘attained~frcm‘ one
generation ‘of Cl"lips to the next, the following analysi;e. will compare
various models in order to demnstrate two crucial findings with respect
to microprocessors. On the one hand, different chips within a given
category offef a wide range of canputing capabilities, the full extent .’
6f wﬁich increases in a most ‘noticeabl‘e manner with each new generation
introduced on the market. Secondly, ‘the high -end 16-bit
MiCroprocessors (b*bt;orola 68000 and the like) as well as the 32-bit
Ehips actually reach a level in camputing power canparabie to that of

minicamputers.
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Increased chip density

Based on the assunption that the number of transistors (91" equivalent
devices) on a chip would abproximately douple every yeé;:, Go;d.on'wbore
predicted that this yamunt, would reach :t-:he one miliion benchirar).c -'by the
mid-eightieé. 'Although' the number - of tl;ansi;e,tors per chip éctually
' aavanced at an. outstanding pace, Figure 2-2 shows ’thaé:, in the case of
‘, Intel microprocessors, this amount effécti{{ely doubled every second year
rather than annually. Indeed, the 8008 hgld 2,000 transistors in 1972
whereas the' 80286 introduced in 1982 contaihed 130,000 devices.
. Nevertheless, the prediction stated by Mre may yet came fairly close
to reality if one considers the exploit recently achieved by Hewlett
. Packard; ‘in' 1982, this company brought into the marketplace a 32-bit
CPU microprocessof for its HP-9000 camputer éyste’n which ho%ds 450,000
devices on a 48,400 mi12 chip. Thus, taking into account the Hewlett
Packard 32~-bit chip,” the number of transistors per chip has increased by
a factor of 200 over a ten-year .span, i.e., fram 2,000 transistors
(Intel B8008) to 450,000 devices (HP 32-bit CPU), whereas the chip
density has advanced by a factor ©f nearly 100 in the same period, i.e.,
from 10.0 mil® ‘per transistor (Motorola 6800) to 0.1 mil® per device

| (#P 32-bit CPU). o | | ‘

Needless to say, those represent very‘inpressive figures. The key point
remains, however, to determine the nature and extent of benefits
obtained through the inclusion of an ever increasing number of devices

and functions on a single chip. Briefly stated, such an integration.
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results in continucusly greater cost savings derived" from many factors,
* among which: |
. The elimination of external connections (along with related laboF
co;ts); |
. A better reliability of microprocessors {ending, as a consequence,
in lower maintenance expenses); .

. A smaller chip size (resulting in lesser power consumption,

' reduced cooling requirements as well -as lower packaging costs).

.
-

Furtherrnore,. the increased number of devic;s on a chip provideis
manufacturers with tremendous potential for implementing sophisticated
features into the hardware; to illustrate, . the Tntel iAPX-286
incorporates the memory protection function onto the mi‘éroprocessor “chip

itself.

Larger word width

The word width, or wprd size of a microcanput,er‘ reprtesents the paramount
single criterion wused for the evaluation and se:lection. of
microprocessors. This term designates the numbér of bits of data which
can be transfered in parallel. Hence, the word width diJ.;ectly impacts
on the processing spéed, the maximum memory address rahge, and the power ‘

("

of the instruction set of a microcamputer.

'

Prior to undertaking an individual ana}ysis of the three significant

effects mentioned above, let us first élarify an important point here.’

N

o
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The categorizgtidn <.3f‘ genera1~purposé ‘migroprocessors within the 8-bit,
16-bit and 32-bit genera,tionls Qi‘scusséd in the " introduction of this
chapt;er, does not always impiy a straightforward éxercise. This
situatiop is caused by the fact that in certain microproce‘s‘soﬂrs, the
. processor internal paths (as represented by the address bus) display a
" word width larger than do the external paths (being representedsby the
data bus). The Motorola 68000 and the ‘Intel 8088 (on which is based the
IBM PC camputer system) microprocessors stand as two well known examples
of such cases: indeed, the 68000 chib incorporatés a ~ 32-bit internal
archi tecture with a 16-bit data.bus, whereas the 8088 mi.croprocessor
depicts a l6-—bit- internal architecture with an 8-bit data bus. In the
literature, one usually .finds" both off these models cll;assified under the
l6-bit microprocessor category. Within such a context, one needs to
specify that the categorization of Intel and Moto;'ola microprocessors
represented in Figures 2-2 and 2—3,‘ respectivel‘y', was effected. 5n the
basis of the word width rof the external paths (i.e.’ the data bus

width). Bold characters underline the resulting classification in both

.}
fiqures.

As previously mentioned, the processor word size has an immediate impact
on the maximum direct address range of a microcomputer. With their
16-bit address bus, for instance, the low end Motorola 6800 and 6809

1 N
210y pytes of

microprocessors may only access a maximm of 64K (
memory. 1In contrast, the 68000 can directly address up to 16M (22%)
bytes of memory with its 24-bit address bus. 'One. realizes that this
represents more than 250 times the addressing range of the two preceding

models, more than many minicomputers camercially available today and as
e ;
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5

much as an IBM/370 cavputer ' Over and above, that, the bbtorola 68020

-may, like mamframes, dlrectly address gigabytes (2 ) of memory with

_with its 32-bit address bus.

With respect to the family of Intel, microprocessors; th‘e~ris'e in the

direct address range of the 80286 (16M bytes of memory) as campared to

’that of the 8086 (IM bytes), is mostly attributable to the multlplexmg

of both the data and address buses rather than to a physical increase m‘

the address bus width. 'I'hus, throuqhout the - evolutlon of the Intel‘
o

family, an augmentation in the number of pms per chip accarpanied the

- increase in the word width so as to‘keep the overhead related to

"‘More powerful instruction set.

multlplexed buses at an acceptable‘level; for example, fram 18 pins

(Intel B008) to 68 pins (Intel 86286).

i

/

A larger word size also implies a more powerful instruction set with

greater addressing capabilities. Figure 2-2 corroborates the first

part of this assertion: one can see a noticeable ihcrease in the number

"of instructiens offered from one Intel model to the next, ranging fram

the 66 instructions supplied in the 8-bit B0OB to the 22l-instruction
set incorporated in the 32-bit iAPX-432. Furthertore, Figure 2-3
confimms the latter part of the relationship put "forjth above: indeed,
the nurber - of available addressing Fnodes goes fram six modes ‘in the .
Motorola 6800 to fourteen for the 68000 One must recogmze, hcwever, K

that an- outstandmg rise in the mnnber of addressing mdes had already
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been achieved from the 6800"to the 6809, even though both models belong

to the same 8-bit generation of microprocessors. This improvement was

-
—

obtained by increasing the number of bytes contained in one instruction,
. which went from ‘a maximum of three bytes in the Motorola 6800 to five
bytes. in the 680.9 An extra byte was inserted in the‘ latter model to
enablé the ‘specification of additional opcodes over and above those used
in_‘the 6800, whiie thelsecond additional byte, or post-byte, allows for
'the specification of varia.tions in the indexed and indirect addressing

modes.

In this line of thought, significant divergences may exist among
numbers of instructions quoted in various articles and/or booklets

' dealing ‘with a given microprocessor. Thus, one must interpret such

figures with due care. In same instances, the number prO\/ided refers to

basic instructions while in other cases, it denotes basic instructions
along with their variations. This observation equally applies to the

number of addressing modes supported by a camputer.

Besides the‘ three principal areas of improvement discussed above; one
can extract additional .improvements from a review of Figures 2-2 and
2-3. "Ihe clock fréquency of' the Intel family has increased by a factor
of nearly 20 (from .5MHz to 8MHZ). This augmentation is even far greater
if one t;kes‘into account, for example, the 1BMHz average clock rate of
the Bewlett ‘Packaud 32-bit CPU microprocessor. In addition, more and
more sophi‘sticati@n has been incorporated into the interrupt structure
of the Motorola family (from a 2-level and 4-vector intefrui)t in the

6800 to an 8-level and.256-vector interrupt for the 680(50); thus, the
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high end processors can support a wider variety, and accamodate a larger
nutber of interrupt devices. A supervisor mode of\ operation was also
added to the 68000 for mult.iprogramu'ng. Furthermore, the CPU includes
an increased number of internal registers in order to reduce the number

of memory accesses required to perform an ‘operation (fram four B-bit

registers in the 6800 to seventeen 32-bit registers for the 68000).

One may pointedly conlude fram the present section that microprocessors,
although the préduct of a felatively young technology, have attained,
at an outstanding pace and through drastic improvements, a stage of
development such that the recent high end 16-bit 68000-like processofs
as well as the 3‘2-bit chips closely resemble minicomputers in terms of
cgerting power. Furthermore, according ' to benchmark tests reported in
[GuP 83], the owverall perfémance of newer microprocessors actually
approaches the effectiveness reached by mainframes. For instance, the
Intel 432 processor at 8MHz clock freguency takes 6.375 ps for a 32-bit
intege;: multiply and 27.875 ps for an 80-bit floating-point multiply
‘whereas correspording figures for the IBM 370/148 lomputer curr.ently
stand at, respectively, 16.0 and 38.5 ps.
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2.2 Mass storage devices

o

%be can find a wiée vériety g;f disk drives for microcomputers currently
available on the market, ranging from 5 1/4—inch sir;gle-sided,
single-density miniflbppy disk drives. to 14-inch hard disk drives.
Prices may run fram $250.00 to $5,000.00 v;rhile sforage capacities can
range from 100K bytes to over 30M bytes. - « ‘

A lower price tag obviously oconstitutes the principal advantage

’associated with floppy disk drives as campared to hard mass storage

devices. One must bear in-mind, however, that floppiés constitute -

ea'sily Aamgeable devices. mreo§er, other disadvantages inherent in
floppies may be pinpointed throggh a. camparative review‘ <;f the
characteristics of floppy and hard disk drives outlined in Figure 2-4;
such drawbacks include:
. Lower storage cgpaci,ty,.
. Slower transfer rate and rotational speed,
.. Higher average access time,

[l

. A.maxinm of two tracks per cylinder.

) ‘ Oy

Figure 2-4 sumarizes and cotbines the techn;lcal- specifications -

pm_vided by Shugart Associates‘foy‘ both types of mass storagé devices
{sHU ;17, SHU 79]. BAs' indicated in the .introdtnxction to the C\‘n"rent
chapter, such characteristics have la significant impact on ‘the
efficiency of ‘a’dataﬁase nanagerent system, an- area‘ that ’will be covered
in g:éai:er depth in Chapter VI. ‘
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.Transfer rate

250K bits/sec.

, 8" floopy disk
2 single—density 8" hard disk
. double-sided non-removable
Capacity (unformatted): ‘
Bytes per drive - 800K 10.67™™
Bytes per surface 400K 2.6
Bytes per' track 5.2K 10.40K
F

4,.32M bits/sec.

Average latency " 83ms 9.6ms
Access time; .
Track-to-track 18ms 19ms .
Average 91lms 70ms
Rotational speed 360rpm 3,125rpm
Number of cylinders 77 256 -
Number of tracks 154 1,024
Nurmber of’ heads 2 4
Drive price $ 600.00 $ 2,000.00
<

e s 1 P




2". 3 Software tools

Software tools~for the 8-bit microcomputer ;systexts ha;le .mature,d‘over the
last‘ few years. In today’s ‘marketplac;e, most 8-bit microccmbuter _
systems came fully supported by high-level languages (princibally, BASIC
and UCSD Pascal), monitors and utilities. _Although somewhat lagging,
the 16-bit microcamputer are catchiﬁg up very quickly. Thus, the

latter systems will incorporate a wider variety of high-level languages L

* (such as standard Pascal, C, COBOL, LISP, etc.), increased utilities, as

well as sophisticated software development teols such as symbolic

debuggers. This observation applies even more so to the generation of

" "32-bit microcamputer systems.

B

Even if one enti_rely‘,excludes operatiﬂg systems dedicated to a specific
canputer system, an .important number of different operating systems can
cu;'gqntly be found in the microworld. Figure 2-5 presents sixteen of
the_best—}mr.;v'n operating systems for microcamputers marketed to run on
more‘ than one computer system, grouping the selected systems within
three generations; thus, the present section will be further divided
into three parts, each subsection covering one category of c;perati.ng
systems for microcamputers, namely:
. Single-user single-task operating systems (2.3.1),

. Multiuser multitasking operating systems (2.3.2.),

. Networking systems (2.3.3).

The above classification actually reflects various stages followed
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. )  FIGURE 2-5 . CPERATING'SYSTEMS FOR MICROCOMPUTERS
g | , ,
] I Single-user single-task Maltiuser miltitasking
R operating systems . operating systems
Digital Research | CP/M-80 " ATS&T UNIX
" CP/M-86" : (Xenix)
: Microsoft MS-DCS Digital Research MP/M-11
{PC-DOS ) MP/M-86
' : CP/M-86
SofTech ] UCSD p~System .
Microsystems ( Phase One Systems Qasis
Technical Systems ' FLEX Pick Systems Pick
Consultants : .. “ . ‘
: - Technical Systems UniFLEX
, .- Consultants - a
.-« - " Networking -
T ' operating systems
"‘Digital Research « CP/NET
, ' - . Microsoft TurbobOS
{ ,
i , . “
_”*_}" . . — . . r .,_~ o "’ ot ."“" I e
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through the evolution of operatmg systems for microcamputers. Indeed,

SN " the operatmg systems ‘flrst developed for the m:.croenwroment were‘

scaled to match the limat®d capabilitites of early‘ ‘persmal

nxiqrocdrputers, i.e. restr:écte‘d amounts of mennry‘ space, fnihimai disk
storage sysgtans'b as' well as ra-‘buit mcroprocessors ..As .such, those . S
systems were designed as single-user, singie-task opeuratihi;‘ systems. 'I'he ‘.
more powerful 16-bit nucrocmlputers then appeared on the market and,
along w1th them, the multmser multltaskmg operatmg systens Fmally, .
'networkmg operating systens were recently mtroduoed in the mlcroworld ‘

‘ 1n Order to enable a group of local personal microcomputers to share
global resources such as a shared database on